We report the case of a 51-year-old woman receiving endobronchial treatment with neodymium:yttrium garnet laser. After 30 minutes of stable anaesthesia and laser treatment, sudden inferior myocardial ischaemia developed followed by haemodynamic collapse. Resuscitation with fluids, pressors, atropine and esmolol was successful, leading to rapid resolution of the ischaemia and full recovery. The sudden onset and time course of the ST segment elevation was consistent with coronary artery air embolism, as occurs occasionally during cardiac surgery. Systemic gas embolism during endobronchial laser treatment has been previously reported with poor outcomes and significant mortality. This complication can be avoided with awareness of the mechanism while appropriate monitoring may allow early detection and successful treatment.
Endobronchial laser treatment has an established role in the management of obstructing neoplastic lesions with acceptable treatment-related morbidity and mortality. Systemic air embolism has been described as a rare complication, but with catastrophic cardiovascular and neurological sequelae thought to be due to bubbles occluding coronary and cerebral vessels. The mechanism of this complication relates largely to two avoidable conditions; high rates of laser probe coolant gas flow and laser probe tissue contact. While prevention is the domain of the endoscopist, diagnosis and resuscitation are the domain of the anaesthetist. Awareness of the mechanism and appropriate monitoring is required for early detection. Without widespread knowledge of the process, cardiovascular events in this setting could be dismissed as the result of co-morbid coronary disease.
CASE HISTORY
A 51-year-old woman with an 11-year history of ovarian carcinoma presented for endobronchial laser ablation of obstructing metastatic pulmonary disease. Primary surgical treatment had consisted of abdominal hysterectomy with bilateral salpingo-oophorectomy. Subsequent management included targeted external beam radiotherapy and multiple courses of chemotherapy notable for the absence of anthracyclines. Previous endobronchial laser treatment for obstructing malignant disease had achieved good symptomatic results. Leading up to the current presentation the patient managed fulltime office work but walking was limited by dyspnoea. A recent admission to hospital for worsening dyspnoea with fever and pleuritic chest pain resulted in identification of right lower lobe bronchus obstruction with lobar collapse, with no evidence of pulmonary embolism seen with computerised tomographic pulmonary angiography. Antibiotic therapy was commenced while laser treatment was arranged. No co-morbid disease was present. In particular this patient was a life-long non-smoker without hypertension, dyslipidaemia or diabetes and had no significant family history of premature coronary artery disease.
General anaesthesia was induced and maintained with fentanyl and propofol by target-controlled infusion. Atracurium was used for muscle relaxation. Endobronchial tumour ablation commenced using a flexible fibreoptic bronchoscope through a rigid bronchoscope. Intermittent jet ventilation was
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Anaesthesia and Intensive Care, Vol. 36, No. 5, September 2008 performed via the rigid bronchoscope. A Lasersonics neodymium:yttrium garnet (Nd:YAG) laser was employed using output settings of 40 W at 0.5 second pulses via a 600 micron non-contact probe using air as the cooling gas at flow rates of 2400 ml/minute during power with basal flow 900 ml/minute.
After 30 minutes of stable anaesthesia, positive pressure ventilation and laser ablation, a sudden and marked ST segment elevation occurred in ECG lead II followed by cardiovascular collapse with profound hypotension (Figure 1 ). The procedure was discontinued, facemask ventilation and empirical management of hypotension with volume loading and vasopressor bolus (metaraminol 0.5 mg, ephedrine 12 mg) was commenced. High-grade atrioventricular conduction block developed, consistent with right coronary artery territory ischaemia, with a pulse rate of 30 per minute. Administration of atropine (0.6+0.3 mg) resulted in sinus tachycardia of 160 per minute. Two doses of esmolol (40+40 mg) controlled the heart rate with resolution of ST segment elevation. Topical (cutaneous) glyceryl trinitrate was applied. Ventilation was assisted via laryngeal mask airway, which allowed smooth emergence with stable haemodynamic variables.
A 12-lead ECG in the immediate postoperative period showed T wave inversion in lead II without other ischaemic changes. At 12 hours postoperatively the ECG was unchanged from the preoperative recording. Measurement at six and 12 hours of cardiac troponin I levels of <0.16 µg/l excluded significant myocardial injury. An uncomplicated recovery followed in a high dependency unit, with no adverse neurological sequelae. In the context of advanced metastatic carcinoma and palliative goals, invasive cardiologic investigation was not pursued and the patient was discharged home the following day.
DISCUSSION
Intraoperative myocardial ischaemia may result from any factor decreasing coronary oxygen delivery or increasing myocardial oxygen demand, particularly in the context of underlying coronary arterial disease. Decreased coronary perfusion pressure, anaemia, hypoxaemia and tachyarrhythmias are typical causes. Sudden transmural ischaemia represented by ST segment elevation in the absence of preceding ST segment abnormality is more likely attributable to sudden coronary artery occlusion by thrombus (e.g. acute plaque rupture or 'in-stent' thrombosis) or systemic (coronary) gas embolism. In this case, the absence of prior cardiac disease or interventions and the rapid resolution made the latter most likely, although it was not definitively proven.
Tellides et al 1 previously reported two suspected cases of embolic cardiac and neurological complications during bronchoscopic Nd:YAG laser operations. Their subsequent use of transoesophageal echocardiography (TOE) during the procedure enabled them to demonstrate the appearance of intracardiac and aortic air, with concurrent ST segment depression in ECG lead II with hypotension. The appearance of gas bubbles ceased following reduction of flow rate of the laser probe cooling gas from 1500 ml/minute to 800 ml/minute with normalisation of ST segments and blood pressure. Systemic gas embolism has been reported by other groups [2] [3] [4] [5] [6] in the context of laser bronchial and tracheal surgery. The multiple mechanisms discussed by these authors are summarised below. The essence lies in the anatomy of the bronchial and pulmonary circulation. One-third of bronchial venous drainage flows via the azygos, hemiazygos and intercostal veins to the right atrium. Two-thirds of the bronchial venous blood enters anastomoses with the pulmonary veins or communicating vessels. This bronchopulmonary circulation is a large component of the physiological shunt. Passage of coolant gas from the laser probe into the pulmonary circulation can occur after disruption by laser energy of bronchial capillaries or a pulmonary vein directly. This coolant gas can be under pressures of 500 mmHg which may also force gas directly across alveoli into pulmonary capillaries 5 . Either conduit allows passage of gas delivered at high pressure and flow from the laser probe to traverse the pulmonary venous circulation to the left atrium. Factors likely to facilitate the transfer of gas include 1) direct contact of the probe with tissue, 2) occlusion of a recanalised bronchus by the bronchoscope (increasing distal gas pressure), 3) inability of vessels to collapse due to surrounding neoplastic infiltration or tissue inflammation and 4) high flow rates of probe coolant gas. The latter was convincingly demonstrated by TOE to be the major factor in one case 1 .
As may have occurred in our case, air entering the left heart with the patient in the supine position is likely to induce inferior territory ischaemia, as the ostium of the right coronary artery is anterior (least dependent) and therefore is mostly likely to receive rising gas bubbles 1 . It can easily be conceived that a very small volume of gas entering the left heart can have catastrophic myocardial and neurological effects.
Although the discussed risk factors relate to surgical technique, there are obvious anaesthetic implications regarding monitoring, early recognition and management. Empiric resuscitation after this complication was successful without prior knowledge of the possible mechanism. However, previous reports of this complication have been associated with devastating neurological outcomes due to cerebral air embolism. In other words, we may have been fortunate to have coronary embolism as a herald to cerebral involvement in this case. In addition to broader awareness of this complication resulting in safer laser configuration and surgical technique, it may stimulate interest in improved monitoring. In addition to routine monitoring, the use of TOE may add greatly to safe management of these cases. It is a sensitive monitor for the appearance of air in the left heart, confirming the diagnosis and allowing detection of regional wall motion abnormalities. While the added challenge of a TOE probe in a case requiring shared airway access is not insignificant, the early and specific recognition of air embolism may improve outcome if chest compressions are commenced early as a specific treatment for the gas-occluded coronary artery.
While the combination of ideal monitoring with a specific treatment may reduce cardiovascular and neurological complications, avoidance of embolism with appropriate surgical technique and laser configuration is of paramount importance. Endobronchial laser treatment should be performed with a non-contact probe employing a non-contact technique. Laser probe coolant gas should be delivered at low flow rates (as low as 50 ml/min) 5 . The application during this procedure of TOE as a sensitive monitor for left heart gas embolism warrants consideration.
